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multilayer bit streams so that the multilayer bit streams are
collectively reduced in their total bandwidth. Each of the
extracted bit streams are rewritten to a single layer bit stream.
The single layer bit streams are then multiplexed to form a
multiplexed single layer bit stream that is non-SVC.

8 Claims, 4 Drawing Sheets

230
_______________ 30 3
P P L
EXTRACTION |3 svctoave fi_-
SVC STREAM 1 UNT1 - Fr=Y] REWRITERT [
. .
818-21 2322 =
— 1 1 c M
- o L = AY
SVC STREAM 2 >y EXTRACTION Rty SVCTOAMC Eooiy S | avc \
- Lo : o [sTREAw
. ) . ! . ) 5] Y
e : L ) . : A
* . ® 8N ® - 232-N)
N , !
——————— »\ ExtracTio |-k svcroave -
SVC STREAMN T::::::-‘»V’I, UNTN™ Fr=+] REWRITERN [r=»
R —— N R —— T
] £340 £330
BITRATE
CHANNEL
ALLOCATION ~ |—
MANAGER MODE




US 9,118,939 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

6,795,506 B1* 9/2004 Zhangetal. ........... 375/240.26
6,847,656 Bl 1/2005 Wu et al.
6,925,120 B2* 82005 Zhangetal. ............ 375/240.08
6,959,042 B1  10/2005 Liu et al.
2007/0121723 Al* 5/2007 Mathew et al. .......... 375/240.12
2007/0223595 Al 9/2007 Hannuksela et al.
2008/0219354 Al* 9/2008 Segalletal. .......... 375/240.23

2008/0232465 Al
2009/0129472 Al

9/2008 Zhang
5/2009 Panusopone et al.

2009/0238279 Al* 9/2009 Tuetal. ... 375/240.16
2009/0268816 Al  10/2009 Pandit et al.

2010/0067580 Al* 3/2010 Sachdevaetal. ... 375/240.16
2010/0091841 Al* 4/2010 Ishtiaqetal. ... 375/240.02

2010/0161692 Al 6/2010 Visharam et al.
2010/0198887 Al 8/2010 Visharam et al.

OTHER PUBLICATIONS

“Information Technology—Generic Coding of Moving Picture and
Associated Audio Information: Systems”, International Standard,
ISO/IEC 13818-1, Dec. 2000.

“DoD Standard Internet Protocol”, by Information Sciences Institute,
RFC 760, Jan. 1980.

Postel, J., “User Datagram Protocol”, RFC 768, Aug. 1980.

Jacobs, M. et al., “Statistical Multiplexing using SVC”, Broadband
Multimedia Systems and Broadcasting, IEEE International
Synopsium, Mar. 2008.

Fraunhofer, “The Scalable Video Coding Amendment of the H.264/
AVC Standard”, http://ip.hhi.de/imagecom_ G1/savce/, downloaded
Dec. 7, 2010.

Amounou, et al., “Optimized Rate-Distortion Extraction With Qual-
ity Layers in the Scalable Extension of H.264/AVC”, IEEE Transac-
tions on Circuits and Systems for Video Technology, vol. 17, No. 9,
Sep. 2007.

Patent Cooperation Treaty, “International Search Report and Written
Opinion of the International Searching Authority,” for Int’l Applica-
tion No. PCT/US2011/061676; Mar. 1, 2012.

Yu Wang et al.: “Bit Allocation for scalable video coding of multiple
video programs,” 2010 17th IEEE International Conference on Image
Processing; Sep. 26, 2010; pp. 1305-1308.

JSVM Software Manual, ITU-T Drafts; Study Period 2009-2012,
International Telecommunication Union, Study Group 16; Nov. 4,
2009; pp. 1-76.

Joint Scalable Video Model (JSVM) 9; Motion Picture Expert Group
or ISO/IEC; Apr. 5, 2007, Section 3.

Schwarz H et al.; “Overview of the Scalable Video Coding Extension
of the H.264/AVC Standard”; IEEE Transactions on Circuits and
Systems for Video Technology; vol. 17; No. 9; Sep. 1, 2007; pp.
1103-1120.

Sablatschan et al.; “Towards an Improved SVC-to-AVC Rewriter,”
Advances in Multimedia Conferences; Jun. 13, 2010; pp. 18-21.
Office Action Re: Korean Application #10-2013-7019181 (Korean
text and English translation); dated Jun. 20, 2014.

* cited by examiner



US 9,118,939 B2

Sheet 1 of 4

Aug. 25, 2015

U.S. Patent

002

TYNINYE1
dOl 13S

[ OIA

MHOMLAN

052~

od

J4H

09¢

AHOMIAN

0ve-

INOHd
37190\

dl

022~

NINVIHL
T o
0oL
H3000N4
AHOMLAN 319VIvOS
052 n_Zm_M,Qm_I
Ole




US 9,118,939 B2

Sheet 2 of 4

Aug. 25, 2015

U.S. Patent

HIOVNYI
JA0W
13NNVHD zmﬁ«mmumé
g8’ ors7 [
et Nuamemay Licod Nonn eyt
== oavorons [«==7 NolLOviLx3 —=z2=21| NV3HLSOAS
N—2627 o IN-2IE | .
o 1 [ ] I 1 [ ] 1 [ ]
A-l-] W ! o L . | :
A\_\,_%_@H 5 1T . zunn esmee
- S I . —_ld  GC1INlIl V<"
\eor— 5 =] oavoroas =] Nolidwilxa oo SIS OAS
I I I _/_1
= ' 2262 - 1z=ee’ i
“ Lo 7
i LHALMEMIY [ | LINN O S——
== oavorons == NolDVELXZ Aﬂw.n.....u..mm... HNVIILS OAS
0587 N g !
028~ 018~
052~



US 9,118,939 B2

Sheet 3 of 4

Aug. 25, 2015

U.S. Patent

l<EINIE
%00193d

2 ﬁ

WHO4SNVHL
JSHIANI

g

Wy3y1S1ig

_>_Om_“_n_m_._<z®_m
_‘ d0 3sN
251

on-

00/

i, NOILYOd
JOVINI LSV
INOY4 4O 38N

154

£ 'DIA

3ziINvno [ T3
| \m_mmm_>z_ " INGWIONVHNI
)7 |
i | 4/§
SINFIOI39309)] ! |
WHOJSNYYL | m_m_Nm_w_%/ﬁﬂ_v €« ———— mm_w%
EINAR | i
904~ 601 | Y
! [




U.S. Patent

Aug. 25, 2015 Sheet 4 of 4

410

RECEIVE PLURALITY OF
MULTI-LAYER BIT STREAMS

l 420

DETERMINE BIT RATE TO BE
ALLOCATED TO EACH OF
STREAMS

l 430

EXTRACT ONE OR MORE OF
THE ENHANCEMENT LAYERS
IN WHOLE OR IN PART

l 440

REWRITE MULTI-LAYER BIT
STREAMS INTO SINGLE-LAYER

BIT STREAMS
l 450
MULTIPLEX SINGLE-LAYER BIT
STREAMS

FiIG. 4

US 9,118,939 B2



US 9,118,939 B2

1

SVC-TO-AVC REWRITER WITH OPEN-LOOP
STATISTICAL MULTIPLEXER

BACKGROUND

The use of streaming media servers to support cable tele-
vision, IPTV, and wireless video transmission present many
challenges. For instance, different clients such as standard
definition (SD) and high definition (HD) set top terminals,
personal computers and PDAs and mobile phones can have
different display, power, communication, and computational
capabilities. A successful video streaming system needs to be
ableto stream video to these heterogeneous clients. By way of
example, in the context of cable television and IPTV, industry
standard transmission rates support both standard definition
and high definition. Because of the difference in encoding
between an SD and an HD version of the same program, the
HD version typically requires a 4-5 times higher transmission
rate and 4-5 times more storage space on the server. Depend-
ing on the encoding technique and the length of program,
typical transmission rates range from between 2-4 Mbps for
SD programming and 8-15 Mbps for HD programming trans-
mission rates and typical file storage requirements range from
around 0.75-1.66 GBytes/hour for SD and 3-7 GBytes/hour
for HD. In contrast, wireless devices, which typically support
much lower network interface transmission rates and much
lower display resolutions, have transmission rates of about
0.256-1 Mbps and file storage requirements of 100-400
Mbytes/hour.

One way to support a wide variety of different client
devices without maintaining multiple files of the same pro-
gram in different formats is to employ scalable coding tech-
niques. Scalable coding generates multiple layers, for
example a base layer and an enhancement layer, for the
encoding of video data. The base layer typically has a lower
bit rate and lower spatial resolution and quality, while the
enhancement layer increases the spatial resolution and qual-
ity of the base layer, thus requiring a higher bit rate. The
enhancement layer bit stream is only decodable in conjunc-
tion with the base layer, i.e. it contains references to the
decoded base layer video data which are used to generate the
final decoded video data. By using scalable coding, a single
file can be streamed to client devices with different capabili-
ties. Each client device can then decode only those layers it
needs and is capable of supporting.

Scalable encoding has been accepted for incorporation into
established video coding standards. In particular, the Scalable
Video Coding (SVC) extension of the H.264/AVC (AVC)
video coding standard features spatial, quality and temporal
scalability. Backwards compatibility with legacy decoding
devices is maintained through an H.264/AVC compliant base
layer, which represents the lowest quality of an SVC bit-
stream. However, it is often desirable to also provide the
higher quality layers to legacy H.264/AVC devices.

Streaming media servers may be used in combination with
statistical multiplexing techniques in order to deliver content
to client devices. In statistical multiplexing, several programs
each comprising a compressed video bit stream are combined
into a single multiplexed bit stream, e.g., for transmission on
a single channel. When a statistical multiplexer combines
multiple bit streams, an algorithm may be used to adapt the bit
rate of each stream but the total bit rate of the output multiplex
may be kept at a constant value. Statistical multiplexing
encompasses multiplexing architecture having a reverse mes-
sage path from the multiplexer to the encoders. This is also
often referred to closed-loop statistical multiplexing. Closed-
loop statistical multiplexers are typically higher in cost than
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2

open-loop statistical multiplexers because they require high
performance encoders and thus are typically only used to
transmit bit streams over a channel that serves many subscrib-
ers. Open-loop statistical multiplexers are less expensive and
therefore can be used to transmit bit streams over a channel
that serves a much smaller set of subscribers.

Although the delivery of content using both SVC streams
and statistical multiplexing can be very effective, it is gener-
ally not practical because, as noted above, most legacy client
devices do not incorporate SVC decoders. Rather, most
legacy devices can only decode the AVC compliant base
layer, which represents the lowest quality of an SVC bit-
stream. However, it is often desirable to also provide the
higher quality layers to legacy AVC client devices.

While statistical multiplexing can be used with AVC
streams to deliver content, such a technique does not offer the
aforementioned advantages that can arise from the use of
SVC streams. In addition, if lower cost open-loop statistical
multiplexers are used to multiplex AVC streams, only a very
limited increase in efficiency can be achieved, in part because
AVC streams are already coded relatively efficiently. In par-
ticular, open-loop statistical multiplexing generally cannot
reduce the bit rate of an AVC stream by more than about 10%
without an unacceptable degradation in video quality.

SUMMARY

In accordance with the present invention, a method and
apparatus is provided for processing a plurality of multilayer
bit streams. The method includes receiving a plurality of
multilayer bit streams each having a base layer and at least
one enhancement layer. One or more of the enhancement
layers are extracted in whole or in part from at least one of the
multilayer bit streams so that the plurality of multilayer bit
streams are collectively reduced in their total bandwidth.
Each of the multilayer bit streams are rewritten to a single
layer bit stream. The single layer bit streams are multiplexed
to form a multiplexed single layer bit stream.

In accordance with another aspect of the invention, an
apparatus is provided for statistically multiplexing and
rewriting a scalable bit. The apparatus includes a plurality of
bit rate extraction units for receiving a plurality of multilayer
bit streams. The bit rate extraction units are each configured to
extract one or more enhancement layers in whole or in part
from at least one of the multilayer bit streams so that the
plurality of multilayer bit streams are collectively reduced in
their total bandwidth. A plurality of multilayer to single-layer
rewriters is provided for converting the plurality of multilayer
bit streams received from the bit rate extraction units to a
plurality of single-layer bit streams. A multiplexer is provided
for multiplexing the single layer bit streams to form a multi-
plexed single layer bit stream.

In accordance with another aspect of the invention, a
method is provided for processing a plurality of multilayer bit
streams. The method includes receiving a plurality of scalable
bit streams. The bit rate of one or more the multilayer bit
streams are adapted so that the plurality of scalable bit
streams collectively have a prescribed bit rate. The plurality
of scalable bit streams having the prescribed bit rate are
converted to a plurality of non-scalable bit streams. The plu-
rality of non-scalable bit streams is multiplexed to provide a
multiplexed non-scalable bit stream.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows one example of an architecture that can be
used to deliver video and other content and services to users
associated with a variety of different client devices.
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FIG. 2 shows one example of the statistical multiplexing
rewriter in FIG. 1.

FIG. 3 is a functional block diagram depicting one example
of a rewriter that may be employed in the statistical multi-
plexing rewriter of FIG. 2.

FIG. 4 is a flow chart illustrating one example of a method
for processing a plurality of multilayer bit streams such as
scalable video coding (SVC) steams.

DETAILED DESCRIPTION

FIG. 1 shows one example of an architecture 200 that can
be used to deliver video and other content and services to
users associated with a variety of different client devices,
which may include, without limitation, PCs, PDAs, portable
computers, media centers, portable media players, mobile
telephones and set-top boxes. In this illustrative example,
three client devices are shown, a mobile phone 220, a set top
terminal 230 and a personal computer (PC) 240. A headend
210 is in communication with each of the client devices 220,
230 and 240 via IP network 270. Mobile phone 220 commu-
nicates with headend 210 over the IP network 270 and a
wireless network such as a GSM or a UMTS network, for
example. Set top terminal 230 communicates with headend
210 over the IP network 270 and a hybrid fiber/coax (HFC)
network 260 and PC 240 communicates with the headend 210
over the IP network 270, typically via an Internet service
provider (not shown). Of course, the architecture depicted in
FIG. 1 is presented for illustrative purposes only. More gen-
erally, a wide variety of different client devices may commu-
nicate with the headend over other types of networks includ-
ing, for instance, all-coaxial, xDSL (e.g., ADSL, ADLS2,
ADSL2+, VDSL, and VDSL.2) and satellite systems.

The headend 210 is the facility from which a network
operator delivers programming content and provides other
services to the client devices. As detailed below, the headend
210 may include a streaming server 215 for streaming the
programming content that is encoded by a scalable encoder
212. The term “streaming” is used to indicate that the data
representing the media content is provided over a network to
aclient device and that playback of the content can begin prior
to the content being delivered in its entirety (e.g., providing
the data on an as-needed basis rather than pre-delivering the
data in its entirety before playback).

In a conventional arrangement, the headend maintains and
manages multiple copies of each program. Each copy con-
tains a different rendition of the program that is tailored to the
display characteristics of the different client devices. When a
scalable encoder 212 performing scalable coding is
employed, each client device may receive the same scalable
coded transport stream that is delivered by the headend 210.
Unfortunately, as previously mentioned, the enhancement
layers in SVC streams cannot be decoded by most legacy
client devices. Nevertheless, one way to retain many of the
advantages of scalable coding is by converting the SVC
streams into AVC streams, which can be decoded by a wide
variety of legacy devices. Before conversion, however, the
SVC streams may need to be adapted to lower bitrate SVC
streams so that they can be accommodated by the channel
over which they are to be transported and so that they drop any
enhancement layers that cannot be used by less capable client
devices. These two functions are performed by the statistical
multiplexing rewriter (SMR) 230, which receives the SVC
streams from streaming server 215. That is, SMR 230 per-
forms a statistical multiplexing function and an SVC-to-AVC
conversion function.
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One example of SMR 230 is shown in FIG. 2. Regarding its
statistical multiplexing function, the SMR 230 receives one or
more SVC streams that individually each have a specified
bitrate and outputs a multiplexed AVC stream at a target total
output bitrate. The SMR 230 achieves the target output bitrate
in an open-loop manner by transcoding one or more of the
input SVC streams so that collectively their total bitrate cor-
responds to the desired output bitrate. After performing its
statistical multiplexing function, the SMR 230 then converts
the SVC stream to an AVC stream in a process that will be
described below.

As shown in FIG. 2, the SMR 230 includes an extraction
stage 310 and an SVC-10-AVC rewriting stage 320. The
extraction stage 310 includes a series of bit stream extraction
units 312,, 312, . . . 312, that each receive an SVC stream.
The SVC-t0-AVC rewriting stage 320 includes a series of
SVC-to-AVC rewriters 232, 232,, . . . 232,, which each
respectively receive a bit stream from a respective one of the
bit-rate extraction units 312,, 312,, . . . 312,. The extraction
stage 310 performs statistical multiplexing and the SVC-to-
AVC rewriting stage performs SVC-to-AVC conversion. The
SMR 230 also includes a bit rate allocation manager 340 for
determining the bandwidth that is to be allocated by the
bit-rate extraction units 312, 312,, . . . 312, to the SVC
streams and a channel model database 330 that contains chan-
nel information which the allocation manager 340 uses in its
analysis. A multiplexer 350 multiplexes the AVC streams
received from the rewriting stage to provide a multiplexed
AVC stream that can be transmitted over a channel in a net-
work.

Turning first to the open-loop statistical multiplexing func-
tion of the SMR 230, in a conventional open-loop statistical
multiplexer transcoding is typically accomplished by fully or
partially decoding the bit stream and re-quantizing it to
achieve a lower bitrate. However, in SMR 230 transcoding is
being performed on an SVC stream. As previously discussed,
scalable coding employs a base layer and one or more
enhancement layers. An SVC stream with multiple enhance-
ment layers having one bitrate can be adapted to an SVC
stream at a lower bitrate simply by truncating sufficient
enhancement layers or parts thereof from the initial SVC
stream. Adaptation of an SVC stream can be accomplished by
the bit-rate extraction units in the extraction stage 310 using
an extractor process to extract from the SVC stream a sub-
stream with a particular average bit rate.

The bit-rate extraction units 312,, 312,, . . . 312, in SMR
230 can perform bit rate adaptation by truncating the appro-
priate layers from the scalable coded video stream in a variety
of different ways. For example, the extraction units can exam-
ine an incoming SVC stream to determine the packet ID (PID)
types, the location of key frames, bit rate and other pertinent
information. In particular, the extraction units can distinguish
between the PIDs assigned to packets that carry the base layer
and the PIDs assigned to packets that contain each enhance-
ment layer. In this way when the SMR 230 is delivering
content to one or more particular client devices, it can drop
any packets having a PID assigned to an enhancement layer
that is not needed by that client device or it can drop packets
to achieve a lower bit rate to accommodate varying network
conditions such as bandwidth limitations of the channel over
which the stream is transported.

In other implementations the bit-rate extraction units 312,
312,, . .. 312, may extract individual Network Abstraction
Layer (NAL) units from the SVC streams, which are the
elementary units into which the coded data is organized. For
instance, the bit rate of the SCV stream can be adjusted by
discarding different quality refinement NAL units. In one
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example, a priority identifier is assigned to each coded slice
NAL unit by the encoder. The SVC syntax provides different
means for including such information in a bit stream. During
the extraction process, coded slice NAL units with the lowest
priority are discarded, and if the target bit rate is not reached,
coded slice NAL units of the next priority class are discarded,
and so on, until the target bit rate is reached. Additional details
concerning this technique may be found in I. Amonou et al.,
“Optimized rate-distortion extraction with quality layers,”
IEEFE Trans. Circuits Syst. Video Technol., vol. 17, no. 9, pp.
1186-1193, September 2007.

The bit rate allocated to each stream that is received by the
extraction units 312,, 312,, . . . 312 is determined by data
contained in the channel model database 330. This data
allows the capacities and requirements of each channel that is
received by the client devices to be estimated. For instance,
the channel model database may include information that
specifies the number of streams each channel can support, its
maximum bit rate, whether the streams are multicast or uni-
cast, whether forward-error-correction (FEC) is used,
whether the programming in the streams is premium or non-
premium content and whether it is live or video-on-demand
content, and so on.

The channel model data is sent to the bit rate allocation
manager 340. The allocation manager 340 analyzes this data
to determine a suitable allocation of bits that each extraction
unit is to assign to the SVC streams. The allocation manager
340 sends information regarding the allocated bit rate to each
of the extraction units. The extraction units in turn adjust the
bit rate of the bit streams they are receiving in accordance
with the allocation determined by the allocation manager 340.
The bit rate allocation manager 340 may allocate bits to each
stream in any appropriate manner. In one implementation, the
manager 340 allocates just enough bits to each stream so that
the perceptual video quality is the same for all streams. This
assumes that all the streams have the same priority, which of
course may not always be the case. The channel model gen-
erally specifies the priority of each stream. In the case that
certain streams have a higher priority, as might be the case for
premium channels, for example, then those channels would
tend to have better quality than lower priority channels.

The following model may be used when all the streams
have equal or different priorities, even if they have signifi-
cantly different complexities. In this example the bit rate
allocated to stream i, B,, can be determined as follows:

where

B,=the bit rate allocated to stream i.

B,=the total bit rate available to the set of streams 1 through
N.

p,—=the priority of stream i.

c,~the complexity of stream 1i.

As previously mentioned, the priority of the stream may be
data supplied by the channel model.

The complexity of the stream may be transmitted by the
source encoder as metadata. It may also be calculated inter-
nally by the bit rate allocation model that is employed. Com-
plexity is a measure the number of bits required to achieve a
specific level of perceptual quality. One way to measure com-
plexity is to measure the number of bits required to code
content at a predetermined and constant quantization level.
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Another way to measure complexity is to measure the average
quantization values of stream, and measure the average num-
ber of bits used in the stream, and input these values into a
predetermined look-up table that maps quantization value
and number of bits to a complexity value. This latter method
may be part of the bit rate allocation model.

After the extraction units have performed bit rate adapta-
tion as described above, the SVC-AVC rewriters 320 perform
a conversion process to efficiently convert SVC streams to
AVC streams. This conversion process can be achieved by a
process that is referred to as bit stream rewriting. Bit stream
rewriting takes advantage of the similarities between the SVC
and AVC codecs so that complete transcoding of the bit
stream is not required.

FIG. 3 is a functional block diagram depicting one example
of a rewriter that may be employed as the rewriters 232,
232,,...232, of FIG. 2. Of course, this example is shown for
illustrative purposes and more generally other rewriting tech-
niques may be used as well. In this implementation a base
layer 101 and enhancement layer 103 are received at the
SVC-AVC rewriter 100. The base layer data may be inverse
quantized 105 and the transform coefficients may be scaled
106 to match a characteristic of the enhancement layer. In
some embodiments, the matched characteristic may comprise
a quantization parameter characteristic. The enhancement
layer 103 may also be inverse quantized 111 and added 107 to
the scaled base residual coefficients to create combined coef-
ficients. These combined coefficients may then be analyzed to
determine 150 whether non-zero transform coefficients are
present. If non-zero transform coefficients are present, a
quantization parameter signaled in the bit stream may be used
for processing152 that portion of the image. If no non-zero
transform coefficients are present, a quantization parameter
from a previous or last image portion 151 may be used for
processing that portion of the image.

In some embodiments, the combined coefficients are then
inverse transformed 110 to produce spatial domain intensity
values. In some embodiments, the base layer information may
beignored when it is not needed. The spatial domain intensity
values may then be filtered 112 to remove blocking artifacts
or for other reasons. This filtering may utilize or be dependent
on the quantization parameter selected 151, 152 with refer-
ence to non-zero transform coefficients.

Additional details concerning SVC-AVC rewriting may be
found in the JSVM (Joint Scalable Video Model) Software
Manual, version JSVM 9.19.9, which is the reference soft-
ware for the Scalable Video Coding (SVC) project of the Joint
Video Team (JVT) of the ISO/IEC Moving Pictures Experts
Group (MPEG) and the ITU-T Video Coding Experts Group
(VCEG).

In the examples presented above the statistical multiplex-
ing rewriter has been described as being located in the head-
end of a network operator that delivers programming content.
More generally, it should be noted that the statistical multi-
plexing rewriter may be located anywhere throughout the
network. For instance, the statistical multiplexing rewriter
may be located near the edge of a network or even on the
customer premises. In this way the network operator can store
and deliver one master version of the content to the location
where its bit rate needs to be adapted because of different,
limited bandwidth capabilities and client device capabilities.
Forinstance, on the customer premises, which may be limited
to a bandwidth of say, 20 Mbit/sec, the bit rate of content can
be adjusted depending on the number of different programs
simultaneously being rendered on multiple displays. Accord-
ingly, a higher bit rate can be allocated to a program when it
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is the only program being rendered while lower bit rates may
be allocated to each program when two or more programs are
being rendered.

As another example, a local cable provider serving a few
thousand customers may use the statistical multiplexing
rewriter within its local loop to deliver content. In all these
examples the statistical multiplexing rewriter can be used in a
cost-effective manner despite the relatively small number of
customers involved since the statistical multiplexing rewriter
uses open-loop statistical multiplexing and therefore is sig-
nificantly less expensive to deploy than a closed-loop multi-
plexing device.

In the examples presented above the statistical multiplex-
ing rewriter receives bit streams that conform to the SVC
standard and outputs a multiplexed bit stream that conforms
to the AVC standard. However, the methods and techniques
described herein are equally applicable to other scalable and
non-scalable standards. Thus, more generally, the statistical
multiplexing rewriter may receive two or more multilayer
steams and output a multiplexed single-layer stream.

FIG. 4 is a flow chart illustrating one example of a method
for processing a plurality of multilayer bit streams. The
method begins at step 410 when a plurality of multilayer bit
streams are received. Each multilayer bit stream has a base
layer and at least one enhancement layer. In step 420, a bitrate
to be allocated to each of streams in determined. This deter-
mination may be made on any appropriate basis such as by
examining, for example, one or parameters whose values may
be stored in a channel model database. One or more of the
enhancement layers is extracted in whole or in part from at
least one of the multilayer bit streams in step 430 so that the
bit rates of the multilayer bit streams are adapted in conform-
ance to the bit rate allocation that has been made. Next, in step
440, each of the multilayer bit streams undergo a rewriting
process to a single layer bit stream. The single layer bit
streams are multiplexed in step 450 to form a multiplexed
single layer bit stream, which subsequently can be commu-
nicated over a network channel.

As used in this application, the terms “component,” “mod-
ule,” “unit,” “system,” “apparatus,” “interface,” or the like are
generally intended to refer to a computer-related entity, either
hardware, a combination of hardware and software, software,
or software in execution. For example, a component may be,
but is not limited to being, a process running on a processor,
a processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an
application running on a controller and the controller can be
a component. One or more components may reside within a
process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or
more computers.

Furthermore, the claimed subject matter may be imple-
mented as a method, apparatus, or article of manufacture
using standard programming and/or engineering techniques
to produce software, firmware, hardware, or any combination
thereof to control a computer to implement the disclosed
subject matter. The term “article of manufacture” as used
herein is intended to encompass a computer program acces-
sible from any computer-readable device, carrier, or media.
For example, computer readable storage media can include
but are not limited to magnetic storage devices (e.g., hard
disk, floppy disk, magnetic strips . . . ), optical disks (e.g.,
compact disk (CD), digital versatile disk (DVD) .. . ), smart
cards, and flash memory devices (e.g., card, stick, key
drive . . . ). Of course, those skilled in the art will recognize
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many modifications may be made to this configuration with-
out departing from the scope or spirit of the claimed subject
matter.

Although described specifically throughout the entirety of
the instant disclosure, representative embodiments of the
present invention have utility over a wide range of applica-
tions, and the above discussion is not intended and should not
be construed to be limiting, but is offered as an illustrative
discussion of aspects of the invention.

What has been described and illustrated herein are embodi-
ments of the invention along with some of their variations.
The terms, descriptions and figures used herein are set forth
by way of illustration only and are not meant as limitations.
Those skilled in the art will recognize that many variations are
possible within the spirit and scope of the invention, wherein
the invention is intended to be defined by the following
claims—and their equivalents—in which all terms are mean
in their broadest reasonable sense unless otherwise indicated.

The invention claimed is:
1. An apparatus for statistically multiplexing and rewriting
a scalable bit stream, comprising:
a plurality of bit rate extraction units for receiving a plu-
rality of multilayer scalable video code (SVC) bit
streams, said bit rate extraction units each being config-
ured to extract one or more enhancement layers in whole
or in part from at least one of the multilayer bit streams,
a bit rate allocation manager,
wherein the bit rate allocation manager obtains bit rate
allocation management parameters from a video ser-
vice provider,

wherein a bit rate allocation manager determines a bit
rate to allocate to each of the multilayer bit streams
based at least in part on the bit rate allocation man-
agement parameters, and information pertaining to a
channel over which a multiplexed single layer non-
SVC bit stream is to be transported;
a storage database wherein the bit rate allocation manage-
ment parameters are stored and are accessible to the bit
rate allocation manager;
wherein the bit rate allocation manager produces the bit
rate allocations for simultaneous programs in a man-
ner that tends to equalize video across programs to the
extent that is consistent with the bit rate allocation
management parameters specified by the video ser-
vice provider;
a plurality of multilayer to single-layer rewriters for con-
verting the plurality of multilayer bit streams received
from the bit rate extraction units to a plurality of single-
layer bit streams,
wherein the rewriter selects ones of the enhancement
layers for each program in a manner that is consistent
with the bit rate allocation determined by the bit rate
allocation manager,

wherein the rewriter extracts one or more of the
enhancement layers in whole or in part from at least
one of the multilayer bit streams so that so that the
plurality of multilayer bit streams are collectively
reduced in their total bandwidth, and so that each
program in each of the enhancement layers is pro-
vided in such a manner that is consistent with the bit
rate allocation and the bit rate allocation parameters;

wherein the rewriter rewrites each of the extracted
enhancement layers to produce a single layer bit
stream for each of the extracted enhancement layers;
and
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a multiplexer for multiplexing the single layer bit streams
to form the non-SVC multiplexed single layer bit
stream.

2. The apparatus of claim 1 further comprising:

a channel model database for storing information pertain-
ing to capacities and requirements of channels over
which the bit streams can be transmitted; and

a bit rate allocation manager for determining the one or
more enhancement layers that are to be extracted by the
bit rate extraction units based at least in part on the
information in the channel model database.

3. The apparatus of claim 2 wherein the bit rate allocation
manager allocates bit rates to each of the multilayer bit

10

streams based at least in part on a priority assigned to each of 15

the streams such that multilayer bit streams having a common
priority are each allocated a bit rate needed to produce a
common level of perceptual quality.

4. The apparatus of claim 1 wherein the bit rate extraction
units are configured to distinguish between packet ID types

10

assigned to packets that carry base layer information and
packet ID types assigned to packets that carry enhancement
layer information.

5. The apparatus of claim 1 wherein the multilayer bit
streams conform to a scalable video coding (SVC) standard
and the single layer bit streams conform to an advanced video
coding (AVC) standard, and wherein the plurality of bit rate
extraction units receive the SVC bit streams prior to the
multiplexer multiplexing the single layer bit streams to form
a non-SVC multiplexed single layer bit stream.

6. The apparatus of claim 1, wherein in the bit rate alloca-
tion management parameters used by the bit rate allocation
manager include at least one of program stream priority,
maximum program resolution, maximum program bit rate
and maximum total bit rate that may be allocated.

7. The apparatus of claim 1, wherein rewriter selects
enhancement layers for each program particularly based on
resolution and frame rate.

8. The apparatus of claim 1 wherein bit rate adaptation is
performed in accordance with an open-loop technique.
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